DESCRIPTION 

METHOD FOR GROWING THIN NITRIDE FILM ON SUBSTRATE AND THIN 

NITRIDE FILM DEVICE 



Technical Field 

The present invention relates to a method for 
controlling an internal electric field of a thin nitride 
film and to a resulting thin nitride film device. 

Background Art 

When thin nitride films are grown on substrates, the 
internal electric fields of the thin nitride films have been 
controlled mainly by conventional high-temperature methods 
at temperatures of 1000 degrees or higher. 

Disclosure of Invention 

These conventional methods, however, cannot 
significantly control the polarity of the thin nitride film 
in accordance with an arbitral mask pattern, because the 
high temperatures of 1000 degrees or higher cancel out the 
effects of previous treatments on the substrate surface. 

Under these circumstances, an object of the present 
invention is to provide a method for growing a thin nitride 
film over a substrate; and a thin nitride film device, in 
which the polarity of the thin nitride film can be 




- 2 - 

controlled by a low temperature process. 
To achieve the above object: 

(1) A method for growing a thin nitride film over a 
substrate is characterized by carrying out a low temperature 
process using a solution to thereby control the polarity of 
the thin nitride film. 

(2) In the method for growing a thin nitride film over 
a substrate according to (1), the substrate can be a 
sapphire substrate, and the low temperature process can 
include subjecting the sapphire substrate to H2 cleaning and, 
treating the cleaned sapphire substrate with an acidic 
solution . 

(3) In the method for growing a thin nitride film over 
a substrate according to {2) , the acidic solution can be 
nitric acid. 

(4) The method for growing a thin nitride film over a 
substrate according to (1) can include the steps of 
subjecting the substrate to H2 cleaning, forming a mask, and 
treating the cleaned substrate with a solution through the 
mask to thereby form patterned regions having different 
polarities in the thin nitride film. 

(5) A thin nitride film device is formed by the method 
for growing a thin nitride film over a substrate according 
to (1) . 

(6) The thin nitride film device according to (5) can 
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include a c face sapphire (AI2O3) substrate, a Ga face and a 
N face arranged over the c face sapphire (AI2O3) substrate, 
the Ga face growing in +c face, and the N face growing in -c 
face. 

(7) The thin nitride film device according to (5) can 
be a device including a separated element and/or a device 
having a periodically patterned surface. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a GaN polarity 
structure as an embodiment of the present invention. 

Fig. 2 shows plan views (observed planes) of polarities 
of individual regions of the GaN polarity structure as the 
embodiment of the present invention. 

Fig. 3 shows diagrams as comparison in N face growth as 
a result of treatment with nitric acid between with or 
without H2 cleaning of a sapphire substrate . 

Fig. 4 shows diagrams as comparison in element ratio of 
surface after nitric acid treatment. 

Fig. 5 shows diagrams as comparison, in surface of 
substrate . 

Fig. 6 shows diagrams illustrating the formation of 
bipolar GaN on a sapphire substrate partially treated with 
nitric acid using a mask formed from a photoresist, 
according to the present invention. 



Best Mode for Carrying Out the Invention 

Some embodiments of the present invention will be 
illustrated in detail below. 

Figs. 1 and 2 are a schematic view and plan views 
(observed planes) showing the polarities of individual 
regions, respectively, of a GaN polarity structure as an 
embodiment of the present invention. 

Fig. 1 illustrates a c face sapphire (AI2O3) substrate 1, 
a Ga face 2 growing in +c face on the sapphire substrate 1 , 
and a N face 3 growing in -c face on the sapphire substrate 
1 . The Ga face 2 is obtained by carrying out H2 cleaning of 
the sapphire substrate 1. The N face 3 is obtained by 
carrying out H2 cleaning and nitriding of the sapphire 
substrate 1. The N face 3 can be etched with an alkaline 
solution . 

Thus , a bipolar thin GaN film can be grown on one 
sapphire substrate . 

Such a bipolar thin GaN film can be grown in the 
following manner. A sapphire (AI2O3) (0001) substrate is 
subjected to H2 cleaning, and an arbitral mask is formed 
over the substrate using a photoresist, for partially 
treating the substrate with nitric acid. The resulting 
substrate is then immersed in a nitric acid solution. 

According to the present invention, the treatment of 
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the sapphire substrate with nitric acid solution after the 
H2 cleaning is carried out under the conditions at a nitric 
acid (HNO3) concentration of 6% to 63% and a temperature of 
40*^0 for 0 to 10 minutes (min) . In contrast, the 
conventional high-temperature nitr iding ( comparative 
example) is carried out under the conditions at a 
temperature of 750°C to 1100°C and a partial pressure of NH3 
of 50% for 5 minutes (min) . 

Fig. 3 shows diagrams as comparison in N face growth as 
a result of treatment with nitric acid between with or 
without H2 cleaning of a sapphire substrate, in which Fig. 
3 (a) is a diagram showing the case where the H2 cleaning has 
been carried out (according to the present invention) , and 
Fig. 3(b) is a diagram showing the case where the H2 
cleaning has not been carried out (comparative example) . 

Evaluation methods are as follows . X-ray photoelectron 
spectroscopy (XPS) , atomic force microscopy (AFM) , and 
reflectance high energy electron diffraction (RHEED) are 
used for observing boundaries (interfaces) and surfaces of 
the substrate. The change in a buffer layer as a result of 
the heat treatment is observed based on the intensity in X- 
ray dif f ractometry (XRD) and/or atomic force microscopy 
(AFM) . A grown layer can be observed by X-ray 

dif f ractometry (XRD) intensity and/or the full width at half 
maximum in XRC. 
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Fig. 3(a) shows that, many hexagonal facets specific to 
the N face polarity are observed on the surface of the thin 
nitride film when H2 cleaning has been performed. Fig. 3(b) 
demonstrates that the thin film does not grow sufficiently 
and has a very rough surface when H2 cleaning has not been 
performed . 

Fig. 4 shows diagrams as comparison in element ratio of 
surfaces after nitric acid treatment. Fig. 4(a) shows the 
element ratio of the surface of the substrate plotted 
against the temperature in conventional high-temperature, 
nitriding, with the abscissa indicating the nitriding 
temperature (^C) and the ordinate indicating the atomic 
concentration (%) . Fig. 4(b) shows the element ratio of the 
surface of the substrate plotted against the time in nitric 
acid treatment according to the present invention, with the 
abscissa indicating the nitric acid treatment time (min) and 
the ordinate indicating the atomic concentration (%) . In 
the figures, the open circle, open triangle and open square 
represent data of oxygen, aluminum (Al) , and nitrogen (N) , 
respectively . 

In the high-temperature nitriding shown in Fig. 4(a), 
the oxygen concentration decreases and, instead, the 
nitrogen concentration increases with an increasing 
nitriding temperature. This indicates that nitrogen atoms 
are adsorbed by the surface of the sapphire substrate as a 



result of the high-temperature nitriding to thereby change 
the element ratio of the substrate surface. 

In contrast, in the nitric acid treatment shown in Fig. 
4 (b) , no adsorption of nitrogen atoms is observed even when 
the treatment time is long, indicating that the element 
ratio of the surface of the sapphire substrate after H2 
cleaning is maintained. 

Fig. 5 shows diagrams as comparison on surfaces of 
substrates. Figs. 5(a), 5(b), 5(c), and 5(d) show the 
surfaces of the substrates before treatment, after nitric 
acid treatment according to the present invention for 10 
seconds, after nitric acid treatment for 10 minutes, and 
after conventional high-temperature nitriding for 5 minutes, 
respectively . 

White images in the figures are RHEED patterns when 
electron beams enter from the [1-100] and [11-20] directions 
of the substrate. An RHEED pattern indicating the formation 
of AIN is observed after the conventional high-temperature 
nitriding (the pattern is reversed with respect to the same 
incident direction) . In contrast, there is no change 
between the RHEED patterns in Fig. 5(a) and Fig. 5(c), 
indicating that the nitric acid treatment does not invite 
the formation of AIN on the surface of the sapphire 
substrate . 

Fig. 6 shows diagrams illustrating the formation of 
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bipolar GaN on a sapphire substrate partially treated with 
nitric acid using a mask formed from a photoresist, 
according to the present invention. 

Fig. 6(a) shows that a Ga face region 12 , a N face 
region 11, and a Ga face region 13 can be simultaneously 
grown on one substrate . 

Fig. 6(b) is an enlarged view of the boundary between 

the N face region 11 and the Ga face region 13, indicating 

that the mask formed from the photoresist clearly defines 

the boundary region. This demonstrates that the N face 

> 

region 11 and the Ga face region 13 can be grown to 
arbitrary sizes by the control of the shape of the mask. 

The thin nitride film device obtained by the method for 
growing a thin nitride film over a substrate according to 
the present invention can have arbitrary controlled 
polarities and can constitute a device having a separated 
element and/or a substrate (device) having a periodically 
patterned surface . 

It is to be understood that the present invention is 
not limited to the embodiments as mentioned above, and 
various modifications and variations can be made in 
accordance with the sprit of the invention and are included 
within the scope of the invention. 

As has been described in detail, the present invention 
can provide a method for growing a thin nitride film over a 
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substrate, and a thin nitride film device, in which the 
polarity of the thin nitride film can be controlled by a low 
temperature process. 

Industrial Applicability 

The method for growing a thin nitride film over a 
substrate and the resulting thin nitride film device 
according to the present invention enable the control of the 
polarity of the thin nitride film by a low temperature 
process and can be applied to light-emitting devices and 
electronic devices . 



